Abstract: The incidence of infections due to organisms resistant to β-lactam antibiotics has increased sharply in recent years. The goal of this study was to investigate the β-lactam resistance in 151 Escherichia coli strains isolated from chickens over a two-year period. Extended spectrum β-lactamases (ESBLs) were present in 24 strains (16%), ESBL phenotype was identified by interpretative reading of minimal inhibitory concentration values of ceftriaxon (CRT ≥ 7.1 mg/L), ceftazidime (CAZ ≥ 3.4 mg/L) and ceftiofur (CFF ≥ 8.7 mg/L). PCR detection revealed the presence of the blaCMY-2 gene and CTX-M-1 group. We detected high resistance to ampicillin (92%), streptomycin (63%), tetracyclin (70%), ceftiofur (40%), floroquinolones (enrofloxacin 68%, ciprofloxacin 62%), florfenicol (18%), chloramphenicol (21%) and cotrimoxazol (43%). We also investigated the presence of virulence factors and mobile genetic elements, and performed plasmid replicon typing in 24 selected strains. The most prevalent integrase among the isolates was the integrase 1 with gene cassettes dfrA, aadA and genes sul1 and sul2. Plasmid mediated quinolone resistances (qnrS) were also detected in two strains. Plasmid typing showed that the Y and IncI1 were dominant plasmid replicons. The genes iss, kpsII, tsh, iutA were the most frequently detected virulence genes in ESBL-positive strains. These results demonstrate that broilers in Slovakian food markets and farms could be the source of ESBL-producing E. coli, as well as virulent and resistant strains representing a potential risk for the human population.
Introduction
The emergence and spread of resistance in Enterobacteriaceae are complicating the treatment of serious nosocomial infections and threatening to create species resistant to all currently available agents (Paterson 2006) . The protection of human health as well as the assurance of quality and safety in food have become the priority of European research in the sphere of animal production (Bomba et al. 2006) . Extended-spectrum β-lactamases (ESBLs) have emerged as clinically relevant antimicrobial resistance mechanisms (Bradford 2001) . ESBLproducing Escherichia coli are now relatively common and often exhibit multidrug resistance. The increase in ESBL-producing E. coli strains in recent years has been observed in human infections and among bacteria isolated from food animals, such as cattle, pigs and poultry (van den Bogaard et al. 2001; Costa et al. 2009; Chander et al. 2011; Nsofor & Iroegbu 2012) , and particularly in broiler chickens. This suggests that food -particularly chicken meat in retail markets -and the environment could be important sources contributing to the rise of these resistant bacteria. There are increasing requirements for the microbiological analysis of fecal and environmental contamination in poultry carcasses according to Hazard Analysis Critical Control Point and Quality Management systems, as poultry food products are an important source of E. coli because fecal contamination from the gut readily contaminates poultry carcasses at the time of slaughter.
Escherichia coli is commonly found in the intestinal tract of humans and animals (Miranda et al. 2008) . Although most E. coli strains are harmless, some have developed a pathogenic state by acquiring virulence factors through pathogenicity islands and/or mobile genetic elements, e.g. plasmids, transposons and bacteriophages (Kaper et al. 2004 ). Many resistance genes, such as dfr genes, aad genes and β-lactamase genes are present as gene cassettes with the result that these resistance genes can be moved to other genetic sites or 12 Z. Drugdová & V. Kmeť they can be transferred horizontally to other bacteria (Lee et al. 2006 ). Integrons are genetic elements able to recognize and capture mobile gene cassettes carrying antibiotic resistance genes (Cocchi et al. 2007 ). Multiresistance integrons have worldwide distribution and are observed in bacteria colonized from humans, animals and farmed fish (Song et al. 2010) .
Acquired antimicrobial resistance is particularly problematic when it occurs in extraintestinal pathogenic E. coli, the distinctive E. coli strains that possess the specialized virulence factors required for extraintestinal disease (Johnson et al. 2005) . Avian pathogenic E. coli (APEC) are also known to possess a large number of potential virulence factors, e.g. iut -receptor for aerobactin, iss -increased serum survival, cvaC -colicin V, kps -capsular polysialic acid virulence factor, tsh -temperature sensitive haemagglutinin, and ibeA -invasive factor responsible for neonatal meningitis in humans (Delicato et al. 2003) .
With regard to the importance of E. coli strains as food-borne pathogens, this study focused on determining β-lactam resistance, revealing mobile genetic elements, identifying virulence factors and performing plasmid replicon typing in meat-associated E. coli isolated from poultry rectal swabs or from broiler chickens purchased in supermarkets in Slovakia. (Pipová et al. 2012 ).
Material and methods

Poultry
Minimal inhibitory concentration (MIC) determination
MIC testing was performed according to Gattringer et al. (2002) 
Polymerase chain reaction
Screening of E. coli isolates for APEC virulence genes was carried out by PCR amplification of iutA -receptor for aerobactin, cvaC -colicin V and kpsII -capsular polysialic acid virulence factor, iss -increased serum survival, tshtemperature sensitive haemagglutinin, papC -P fimbrial adhesin, and ibeA -invasive factor of E. coli strains responsible for neonatal meningitis in humans.
Screening for integrase 1 and 2, transposon Tn3 and antibiotic resistance genes was also performed by PCR amplification of Int1 and Int2 -integrase, Tn3 -transposon, dfrA and dfrB -dihydrofolate reductase enzyme -trimethoprim resistance, aadA -aminoglycoside adenyltransferase enzyme -streptomycin resistance, sul1, 2 and 3 -sulphonamide resistance, tetA and tetB -tetracycline resistance, citcephalosporins resistance, blaCTX-M -cefotaxime resistance, and qnrS -plasmid mediated quinolone resistance. Plasmid replicon typing was performed according to Carattoli et al. (2005) . All the primers and conditions used in this study are displayed in Table 1 .
Results
Antimicrobial-resistance genes A total of 24 ESBL-producing strains of E. coli were selected after interpretative reading of MIC values of ceftriaxon (CRT ≥ 7.1 mg/L), ceftiofur (CFF ≥ 8.7 mg/L), ceftazidime (CAZ ≥ 3.4 mg/L), and cetfazidime with clavulanic acid. In ESBL-positive E. coli isolates, the following genes were identified: tetA, tetB (resistance to tetracycline), bla CTX-M (β-lactams), aadA (streptomycin), dfr (trimethoprim), sul1, sul2 (sulphonamide), CMY-2 (β-lactams) and qnrS (fluoroqionolones). The gene bla CTX-M-1 was detected in 6 of 24 isolates resistant to β-lactam antibiotics, bla CMY-2 in all isolates resistant to β-lactam antibiotics and qnrS in two isolates. Together with bla CTX-M-1 genes, virulence factors were also detected, such as iss (in all six strains positive for bla CTX-M-1 gene) and iut (in three strains positive for bla CTX-M-1 ). The two strains positive for qnrS gene also carried virulence factors (the first one iss and second one iss, pap and iut) and resistance genes tetB and bla CMY-2 . The gene aadA was found in 18 of 23 streptomycin-resistant isolates. We also detected one Int1-negative isolate carrying an aadA gene. The tetA gene was detected in 11 and the tetB gene in 2 of 22 tetracycline-resistant strains. Isolates carrying both tetA and tetB genes were detected in 6 isolates. Screening for sul-genes revealed the presence of at least one sul-type determinant in all 18 sulphonamide-resistant isolates. A single sul-type resistance determinant was found in 14 isolates (sul1 in 3 and sul2 in 4 isolates), whereas in 11 isolates two different sul-type determinants were found (both sul1 and sul2). Fig. 1 . Antimicrobial resistance in 151 E. coli strains isolated from chickens. The following antibiotics were used for MIC determination: AMP, ampicillin; A+Ib, ampicillin+sulbactam; CTR, ceftriaxone; CFF, ceftiofur; CAZ, ceftazidime; CFQ, cefquinome; GEN, gentamicin; STM, streptomycin; KAN, kanamycin; NEO, neomycin; SPE, spectinomycin; NAL, nalidixic acid; CIP, ciprofloxacin; ENR, enrofloxacin; TTC, tetracycline; CMP, chloramphenicol; FLO, florphenicol; COT, cotrimoxazol (trimethoprim+sulphonamide); COL, colistin. The dominant type of resistance detected was to ampicillin, nalidixic acid, tetracycline, enrofloxacin, ciprofloxacin, streptomycin, cotrimoxazol and ceftiofur.
Antimicrobial susceptibility profiles
The antimicrobial resistance from all 151 meat and fecal E. coli strains is summarized in Figure 1 . The dominant type of resistance was to ampicillin, detected in 92%, to nalidixic acid in 88%, to enrofloxacin in 68%, to tetracycline in 70%, streptomycin in 63%, ceftiofur in 40%, floroquinolones (enrofloxacin in 68%, ciprofloxacin in 62%), florphenicol in 18%, chloramphenicol (21%) and cotrimoxazol (43%). However, MIC levels of enrofloxacin (7.3 mg/L or 3.5 mg/L) and ciprofloxacin (2.6 mg/L or 1.4 mg/L) were higher in meat E. coli than those in fecal strains.
Virulence factors occurrence
Occurrence of virulence factors in the selected 24 E. coli strains is shown in Table 2 . The most common virulence factors among the 24 E. coli strains identified were serum resistance gene (iss), receptor for aerobactin (iutA) and capsular polysialic acid virulence factor (kps). Colicin V (cvaC) and the invasive factor responsible for neonatal meningitis (ibeA) did not occur at all.
Plasmid profiles
The Y and I1 wer found as the most dominant replicons, with sporadically occurring Frep, F1A and B/O (Table 2) . We observed a possible association between the presence of I1 replicon and tetA gene -tetA gene was detected among 17 strains carrying the I1 replicon, whereas 4 of the 5 strains lacking the I1 replicon did not carry the tetA gene. Another possible association was found between the Y replicon and bla CMY-2 gene (bla CMY-2 gene was detected among all the isolates carrying the Y replicon).
Detection of integrons and gene cassettes
The presence of Int1 gene was confirmed in 21 of 24 resistant isolates. Two isolates carrying an Int1 gene harboured no gene cassettes. Two Int1-positive isolates carried the dfrA gene cassette and 18 carried both aadA-dfrA gene cassettes. Gene cassettes were not detected in three isolates. We confirmed a clear association between aadA and Int1 among streptomycinresistant isolates (the aadA gene was detected in 18 Int1-positive isolates) and also between sul1 and Int1 among sulphonamide-resistant isolates (the sul1 gene was detected in 18 Int1-positive isolates).
Discussion
The European Food Safety Authority (EFSA) asked its Panel on Biological Hazards to identify the extent to which food serves as a source for the acquisition of antimicrobial-resistant bacteria or commensal E. coliborne antimicrobial resistance genes, to rank the identified risks and to identify potential control options for reducing exposure (EFSA 2011). In the last few years, various reports have raised alerts about the dissemination of ESBL-positive E. coli among the intestinal microbiota of healthy food-producing animals or food products in different countries of Europe (Brinas et al. 2003; White 2006; Leverstein-van Hall et al. 2011 ). In our study, the most prevalent resistant phenotypes among the E. coli isolates from chicken meat in Slovakia were resistant to tetracycline (with high occurrence of tetA and tetB genes), followed by ampicillin and streptomycin, which corresponds to the results obtained by other authors (Kmetova et al. 2001 ; Van den Bogaard et al. 2001; Guerra et al. 2003; Lanz et al. 2003) . Our results show that ESBL phenotype was present in 16% of all the investigated chicken retail meat samples. In a study from Spain (Costa et al. 2009 ), 91% of CTX-positive E. coli strains were ESBLproducers (TEM and CTX-M groups). Prevalence of ESBL phenotype in poultry is particularly marked in Portugal, Spain, the Netherlands and Germany, and present in other countries as well (Guerra et al. 2003; Machado et al. 2008; Costa et al. 2010; Leversteinvan Hall et al. 2011; Wasyl et al. 2012) . PCR detection in selected ESBL-positive strains revealed the presence of bla CMY-2 gene in all strains and the CTX-M (bla CTX-M-1 ) group of ESBLs (in one quarter). TEMtype ESBLs were not detected, only the bla TEM-1 gene. The bla CTX-M-1 gene has also been detected often in the Netherlands and Poland (Leverstein-van Hall et al. 2011; Wasyl et al. 2012) , and also in chicken isolates in Great Britain (Randall et al. 2011) . The CTX-M-1, CTX-M-14, TEM-52 and SHV-12 belong to most frequently reported ESBL subtypes in the EU for E. coli in food-producing animals and foods; the predominant plasmidic AmpC variant described globally as occurring in E. coli from food-producing animals or foods being the CMY-2 (EFSA 2011). The SHV-2a was found to be the predominant ESBL gene in Enterobacteriaceae in Slovakian hospitals, but other variants have also been detected, namely SHV-5, SHV-12, TEM-12, TEM-15, and TEM-132 (Zarnayová et al. 2006) .
We also discovered a high quinolone resistance (enrofloxacin in 68%, ciprofloxacin in 62%), and in selected strains only two PMQRs were detected. This finding indicates mutations in chromosomal-encoded genes (parC, gyrA) as the cause of increased ciprofloxacin MICs. A high level of quinolone resistance in E. coli has been detected in poultry-associated strains also in Slovakia (Drugdová et al. 2010) , in retail chicken meat strains in Germany (Kola et al. 2012) and also in Spain, where 58% of ESBL-producing E. coli strains exhibited ciprofloxacin resistance (Costa et al. 2009 ). It has been documented that ciprofloxacin resistance is higher in E. coli isolated from broilers than that in the microorganisms isolated from other sources, such as pigs and humans (Miranda et al. 2008) . This increase in the resistance of E. coli to quinolones seems to be caused by the widespread use of these antimicrobials for veterinary purposes, also in Slovakian poultry farms (Kmeť & Kmeťová 2010) .
The most prevalent integrase among the selected isolates was the integrase 1. A high percentage of poultry strains carrying the integrase 1 was also noted by Guerra et al. (2003) and . We confirmed the integron-mediated antibiotic resistance among our selected isolates. Eighteen out of 21 streptomycin-resistant strains carried the aadA gene and Int1, and all cotrimoxazol-resistant strains carried the dfrA gene and/or sul1, 2 genes together with Int1, except for two strains (without the Int1), which indicates the free transfer of gene cassettes between bacterial genomes. The high number of isolates resistant to tetracycline, streptomycin and sulphonamides can also be explained by the genetic linkage of antimicrobialresistance genes coding for these types of resistance and their location on the same mobile genetic elements (Dolejská et al. 2007) . A high number of isolates from chicken broilers carrying an aadA and dfr genes was also confirmed by Šeputiene et al. (2010) and Abbasoglu & Akcelik (2011) .
The serum resistance gene (iss) -a typical trait of virulent avian E. coli, receptor for aerobactin (iutA) and capsular polysialic acid virulence factor (kps) were the most often detected virulence genes in ESBL-positive strains. A typical member of the APEC pathotype is likely to contain several iron transporter-encoding genes like iutA, iroN and sitA, and plasmid-associated genes, including cvi/cvaC, tsh and iss (Rodriquez-Siek et al. 2005) . We also discovered resistant strains with genes, such as bla CTX-M-1 and qnrS together with virulence factors iss, iut and pap. It is generally known that virulence genes are more common in E. coli resistant to one or more antimicrobials than in fully-susceptible isolates (De Verdier et al. 2012) .
Commensal E. coli of broilers purchased at Slovakian food markets and farms form a reservoir of ESBLs, plasmidic class C β-lactamases and virulence factors, whose transference to pathogenic bacteria should not be ruled out. The acquisitions of resistance genes by horizontal transfer through plasmids, integrons and transposons play an important role in the dissemination of resistance genes and in the development of multidrug resistance in bacterial populations (Lee et al. 2006 ). Exposure to multidrug-resistance bacteria via the food chain is considered a potential risk to human health through food-borne infections with resistant pathogens, or because integrons can transfer horizontally from bacteria from food-producing animals to human pathogens (Van Essen-Zandbergen et al. 2007 ).
